A numerical study on the effects of radiation and variable thermal conductivity on the flow and heat transfer in the boundary layer of a viscoelastic fluid (Walters" liquid B" model) over a stretching porous sheet in the presence of a magnetic field is studied. The momentum differential equation is solved exactly. Two cases of sheet surface conditions are considered -(i) PST case involving prescribed surface temperature and (ii) PHF case involving prescribed heat flux at the surface. The energy equation is solved with the application of the shooting technique using the fourth order Runge-Kutta integration scheme. Numerical results are obtained for various values of non-dimensional parameters -which include among others, the Prandtl number (P), the Eckert number (E) and the Radiation number (N). The significant conclusions are: (1) the momentum boundary layer can be minimized by considering the sheet to be influenced by a continuous suction of the fluid through the porous boundary and by choosing large values for the viscoelastic parameter and the magnetic parameter (2) an ideal combination for faster cooling of the thermal boundary layer would be to consider the suction velocity of the fluid along with a large value for the Prandtl number combined with small values for Radiation and Eckert numbers.
INTRODUCTION
In the recent past, considerable research has been reported on the momentum as well as heat transfer characteristics of a visco-elastic fluid in the boundary layer formed by its flow over a stretching sheet. The study first initiated by Sakiadis [1] and later extended by Crane [2] has many industrial applications -especially in the field of polymer processing. Other applications include textile and paper industries besides some bio chemical processes.
The Prandtl boundary layer theory was extended for an idealized elastico-viscous liquid by Beard and Walters [3] . Considerable importance is given of late, to the study of boundary layer flow of non-Newtonian fluids past a continuous moving surface on account of its many advantages, some of which have been reported by Rajgopal and Gupta [4] , Rollins and Vajravelu [5] . The study reported here in assumes importance since the rate of cooling or in general the heat transfer characteristics influence the quality of the final product. Rollins and Vajravelu [5] investigated the heat transfer characteristics in a visco-elastic fluid over a continuous impermeable linearly stretching sheet. Raptis [6] studied the effect of radiation on the visco-elastic flows.
Siddheshwar and Mahabaleswar [7] studied MHD flow and heat transfer in a viscoelastic fluid over a stretching sheet with viscous dissipation, internal heat generation/absorption and radiation. This work has been extended in this paper by considering a permeable stretching sheet and the thermal conductivity to vary with temperature. Thus, in the present study, a numerical technique has been used to study the effects of radiation and variable thermal conductivity on the MHD flow of a viscoelastic fluid over a stretching porous sheet. Two types of heating processes adopted by earlier investigators have been followed in this study. These are (1) Prescribed Surface Temperature (PST case) and (2) Prescribed Heat Flux (PHF case). Vajravelu [8] , Kumari et al [9] and Abel et al [10, 11, 12] [3] in 1964. Two equal and opposite forces are introduced along x axis so that the sheet is stretched with a speed proportional to the distance from the origin. A uniform magnetic field of strength 0 B is imposed along y axis.
The constitutive equations for the incompressible visco-elastic (Walters" liquid B") fluid given in [3] are The governing boundary layer equations for Walters" liquid B" [3] , the sheet is impermeable.
SOLUTION OF THE MOMENTUM EQUATION
The following transformation given by Rajgopal et. al [4] is considered as (10) The exact solution to the differential equation (9) satisfying the boundary conditions (10) is derived using the technique explained by M.Kumari et. al [9] . New variables are introduced as (9) and boundary conditions (10) to The following approximation satisfies the boundary conditions as
On integrating (14) and using (13), we get
To obtain an expression for  , (15) is substituted in (12) which gives the following cubic equation, Substituting (8) in (20) and using (18), we get
HEAT TRANSFER ANALYSIS
We consider the energy equation to study the heat transfer in the boundary layer flow of a viscoelastic fluid. It is assumed that the whole flow field is exposed to thermal radiation. During the motion of a viscoelastic fluid, some energy is lost due to viscous dissipation and it is further assumed that the fluid possesses strong viscous property in comparison with the fluid elastic property. Hence the elastic deformation terms are neglected. Thus, for an incompressible viscoelastic fluid, the energy equation is determined by internal energy, the conduction of heat, the convection of heat with the flow, the temperature dependent heat source/sink in the flow region, the generation of heat through viscous dissipation and radiation. Hence the governing boundary layer equation for heat transfer as given in [4] , [5]  is replaced by g for the PHF case.
Using (8), (17), (18), (26), (27), (28), (29),(31) and the following non-dimensional parameters, 
subject to boundary conditions, At
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 , close to zero. The sequence of initial values is given by the secant method. The resulting initial value problem is solved using the fourth order RungeKutta (R-K) scheme. The maximum value of  (defined 
RESULTS AND DISCUSSION
Using a similarity transformation, a closed form solution of the exponential type is obtained for the axial and transverse velocity components. These solutions contain the parameter  , which is the solution of the cubic equation (16).
This parameter is important as it is influenced by the viscoelastic parameter 1 k , magnetic parameter M and the suction/blowing parameter Figure 3 shows the velocity profiles for varying viscoelastic parameter 1 k and magnetic parameter M within the boundary layer for the cases of suction and blowing respectively. In the case of suction, an increase in both the parameters causes a significant decrease in the velocity at any point within the boundary layer and in the case of blowing an increase in the viscoelastic parameter causes a decrease in the velocity field but not as significant as in the case of suction.
However an increase in M shows a significant decrease in the velocity field within the velocity boundary layer. Based on the above observations and the values of the parameters considered, it may be inferred that the velocity boundary layer can be minimized by fixing a high value for both   Thus, the influence of the thermal conductivity parameter is to increase the thermal boundary layer thickness negligibly and hence its variation with temperature can be ignored. But, as this variation is insignificant, we take its value as 0.1. M shows an increase in suction, the increase in both the parameters shows a significant increase in the temperature profiles. Figure 7 is drawn for the PHF case with the same values for the parameters. The variation in the temperature profiles with increase in M is seen to be more prominent in the case of blowing than in suction. However, the increase in the temperature at any point within the boundary layer with increase in the viscoelastic parameter is more significant in the case of suction. The combined effect of increasing values of the viscoelastic parameter 1 k and magnetic parameter M is to enhance temperature significantly in the flow field. 
N and
E causes an increase in temperature whereas an increase in P causes a decrease at any point within the thermal boundary layer, the decrease is seen to be more significant in the case of suction.
Corresponding graphs for the PHF case are shown in figure 9 . It is observed that the thermal boundary layer thickness is significantly decreased in the case of suction which is an expected result. Copyright © 2008 by ASME Copyright © 20xx by ASME to enhance temperature significantly in the flow field in both the PST and PHF cases respectively. 4. An increase in the radiation parameter ( N ) and the Eckert number ( E ) causes an increase in temperature at any point in the thermal boundary layer whereas an increase in the Prandtl number ( P ) causes a decrease in temperature within the boundary layer, the decrease is seen to be more significant in the case of suction. Thus, an ideal combination for faster cooling of the sheet would be to consider the suction velocity of the fluid along with a large value for the Prandtl number combined with small values for Radiation and Eckert numbers. 
